ABSTRACT: Retinas of light and dark adapted post metamorphic American eel Anguflla rostrata were examined. The retinal epithelial pigment migrates vitreally in light and sclerally in darkness. Two layers of rods and a layer of single cones are present. Some cones elongate slightly in the dark and contract in the light. The cone synaptic ribbons show no difference between the light and dark adapted stages. It appears that this eel stage is capable of functioning in bright and dim environments.
INTRODUCTION
The retina of the catadromous eel, both the European (Anguilla anguilla) and the North American (Anguifla rostrata, Lesueur) species, had been studied from the point of view of morphology (All et al., 1968; Braekevelt, 1982 Braekevelt, , 1984a Braekevelt, , b, 1985 Gordon et al., I978) , histophysiology (Blaxter & Staines, 1970; Es-sounni & Ali, 1986 Pankhurst, 1984) and visual pigments (Beatty, 1975) . The eel migrates twice during its hfe and undergoes two metamorphoses (Tesch, 1977) which bring about numerous morphological and physiological modifications (Kleckner & Krueger, 1981; Pankhurst & Sorensen, 1984) . Studies on the retina have dealt with various stages. Blaxter & Staines (1970) found only rods in the European leptocephalus larva and no retinomotor responses (cf. Ali, 1971) . In the yellow and silver stages of the European species, Es-sounni & Ah (1986 did not observe any movement of the photoreceptors although the retinal epithelial pigment (REP) did migrate vitreally in response to hght (see also Vilter, 1946 Vilter, , 1951 , while Gordon et al. (1978) in a physiological study on the yellow eel stage of A. rostrata found two cone mediated responses. This paper presents the results of histophysiological study of retinal responses in the post metamorphic larval stage of A, rostrata.
MATERIAL AND METHODS
Specimens of juvenile Anguilla rostrata at stage VI Ao to VI A3 (Elie et al., 1982) , characterized by the beginning of dorsal pigmentation, were captured in the estuary of Musquash river, New Brunswick, in May 1984. Specimens were maintained under natural photic conditions and decapitated after 2 h in fight and 2 h in darkness. The heads were then put in the fixative (1% paraformaldehyde, 1% glutaraldehyde buffered at pH'7.2}. They were rinsed in buffered sucrose (7 %), postfixed in 1% osmium tetroxide buffered with phosphate for an hour at 4 ~ and then dehydrated through a graded series of ethanol (40 % to 100 %) and embedded in Spurr's epoxy resin via propylene oxide. Polymerisation was carried out at 60 ~ for 72 fi. Sections were cut with glass knives with an LKB ultramicrotome. Semi-thin sections (1 ~m) were placed on glass slides, stained with toluidine blue and examined with a Zeiss fght microscope. Thin sections were coUected on copper grids H 200, stained with uranyl acetate and lead citrate, and examined with a JEOL electron microscope (JEM 100S) at an operating voltage of 80 kV.
RESULTS AND DISCUSSION
The retina of this eel stage consists of all the classical layers of the vertebrate duplex retina {Figs 1, 2). The rods are organized in two layers and show no movement in response to fight and darkness. The cones are organized in one layer. While it is clear that the retinal pigment of this eel stage is capable of migration into apical process vitreally in hght {Fig. 1) and sclerally in darkness {Fig. 2), the situation in the case of the cones is more complex. Some of the cones appear capable of slight elongation in the dark {Fig. 4). This elongation is apparent at the electron microscopic level. Unfortunately, not enough well fixed material was available to permit statistical analyses. The synaptic pedicles of cones show no differences between the light {Fig. 5) and the dark adapted {Fig. 6) states.
The pure rod retina of the leptocephalus stage (Pankhurst, 1984} is a common adaptive feature rendering an optimal visual function under dim hght conditions {Locket, 1975). Light is very dim and practically monochromatic at 500 m. Leptocephah of the American eel and European eel make diel vertical migrations in response to fight conditions (Tesch, 1980; Castonguay & McCleave, 1987) .
The presence of a duplex retina in the post-metamorphic eels (glass-eels) is related to the change to a brighter environment. Metamorphosis of the larvae is accompanied by changes in photic conditions (Pankhurst, 1984} . The migration of glass-eels into coastal and estuarine environments exposes them to a brighter and spectraily enriched habitat. Glass eels still undergo vertical migrations in coastal and estuarine areas, but they are then part of the selective tidal stream transport mechanism glass-eels use to move landward (Creutzberg, 1958; McCleave & Kleckner, 1982} . Tidal stream transport may occur both in daytime and nighttime. The photomechanical changes of the REP, observed in this study, would permit the masking of outer segments of the rods and isolation of outer segments of the cones in fight. This protects the sensitive rod pigments while Figs 1-2. Photomicrographs of light adapted (Fig. 1 ) and dark adapted (Fig. 2) retinas. Note the difference in the position of the epithelial pigment (P), R rods, C cones, ENL external nuclear layer, EPL external plexiform layer, [NL internal nuclear layer, IPL internal plexiform layer, G ganglion cell. Figs 3-4. Electron micrographs of fight (Fig. 3) and dark (Fig. 4) adapted cones. Note the elongation of the myoid (M} in the dark adapted cone (Fig. 3) . OS outer segment, E ellipsoid, N nucleus. Figs 5-6. Electron micrographs of cone pedicle of light adapted (Fig. 5 ) and dark adapted (Fig. 6) (Blaxter & Staines, 1970) . Hence post metamorphic eels are able to cope with variations in light intensity both by the possession of rods and cones and the capacity of the "screening pigment to migrate into apical processes. The qualitative observations in this study that there are two types of cones, one stationary (majority) and the other one capable of a slight elongation in darkness and contraction in light, seem to corroborate the electroretinographic results of Gordon et al. (1978) which show two cone-mediated responses in the yellow eel stage of the American eel. One response has a peak sensitivity at 550 nm and the other at around 450 nm or less (Gordon et al., 1978) .
Since some cones elongate in darkness, the synaptic pedicles of cones from light and dark adapted retinas were examined. However, unlike in other fishes, no differences were observed in synaptic ribbons (Wagner, 1973) , spinules (Raynauld et a.l, 1979; Wagner, 1980) or dense-core and coated vesicles (Monaghan & Osborne, 1975; Es-sounni & Ali, 1987} . It would be interesting to compare electroretinogram (ERG) spectral sensitivity studies of the post metamorphic stage with the conclusions of our histophysiological study.
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